Abstract Existing trials of antiretroviral (ARV) medication as chemoprophylaxis against HIV reveal that the degree of protection is primarily dependent on product adherence. However, there is a lack of data on targets for behavioral interventions to improve adherence to ARV as prevention. Information from individuals who have used ARV as pre-exposure prophylaxis (PrEP) can inform behavioral intervention development.
Introduction
Pre-exposure prophylaxis (PrEP) to prevent HIV transmission entails the use of daily tenofovir/emtricitabine disoproxil fumurate (TDF-FTC) as a single co-formulated pill. It has recently been approved by the Federal Drug Administration (FDA) to reduce the risk of HIV acquisition among men who have sex with men (MSM) [1] , who constitute the majority of prevalent and incident HIV infections in the United States [2] . However, across existing studies of this approach to prevention, adherence appears to be a major factor contributing to the efficacy of PrEP for HIV; two studies in African women found no benefit from PrEP in the setting of poor adherence [3] [4] [5] .
The FDA indication for PrEP for MSM was highly influenced by the results of the iPrEx Study, a global, multi-site randomized control efficacy trial, that showed over a three-year period that MSM at high risk for HIV infection assigned to take oral tenofovir-emtricitabine as PrEP reduced their risk of acquiring HIV by 44 % compared with those randomized to the placebo [6] . Furthermore, an expanded case-control study among iPrEx participants who seroconverted found that the protective effect exceeded 90 % among participants who had detectable levels of study medications in their blood [7] . These results support the need for greater adherence to PrEP to achieve the optimal preventative effect. MSM at risk for acquiring HIV who elect to use PrEP need prevention counseling strategies that teach them to take PrEP on a daily and consistent basis to achieve maximum adherence and the optimal protective effect.
Other studies that have demonstrated PrEP efficacy of PrEP in additional populations also emphasize the need for adequate adherence in order to optimize protection. The TDF2 study, a placebo-controlled trial in young heterosexual men and women in Botswana who used oral PrEP daily reported an efficacy approaching 62 % [8] . Plasma drug level analysis revealed that participants in the active drug arm who seroconverted had significantly lower serum levels of detectable study medication in their blood compared with those who did not seroconvert. These findings suggest PrEP adherence that resulted in higher drug levels was associated with protection. Most recently, a study of PrEP in Thai injecting drug users [9] found that daily oral tenofovir was associated with *50 % reduction in HIV incidence compared to placebo. Once again, the level of protection was highly correlated with the detection of study drug in the blood.
The Partners PrEP study [10] , a 3-arm placebo controlled trial (TDF only, TDF-FTC, and placebo) conducted with heterosexual discordant couples in East Africa, also demonstrated PrEP efficacy, and reported higher levels of protection among those who were more adherent to the medication. Overall, there was a 67 % reduction in HIV acquisition using TDF only compared to placebo, and a 75 % reduction with TDF-FTC compared to placebo; moreover, efficacy reached 86 and 90 % respectively with detectable serum TDF levels in the active treatment groups [10] . A subset of individuals from the Partners PrEP study participated in an ancillary adherence study [11] in which medications were monitored in real time; participants whose medication adherence levels dropped below 80 % were provided adherence counseling using a cognitivebehavioral approach (Life-steps) [12, 13] adapted from antiretroviral therapy (ART) for treatment to ARV for prevention [14] . In this study, the protective effect of PrEP rose to 100 % compared to placebo.
Other PrEP studies designed for heterosexual women have not demonstrated efficacy primarily due to nonadherence. In the FEM-PrEP study [5] of African women, the Data Safety Monitoring Board (DSMB) closed the study early due to increased seroconversions and low drug adherence as measured by infrequent detection in blood. Although participants reported a 95 % rate of overall medication adherence, drug was actually detected in fewer than 1/3 of the participants. More recently, the VOICE trial using vaginal gel or study PrEP tablets to protect African women from HIV acquisition also was discontinued by the DSMB, as adherence to study drug was low and seroconversions were high [3, 5] . Although successful interventions have been developed to increase adherence to ART for HIV-infected patients [15, 16] , evidenced-based interventions for ARV adherence to PrEP are needed. Life-steps [12] is an evidenced-based adherence intervention for ART treatment that utilizes problem-solving and cognitive behavioral therapy to address adherence barriers and to promote adherence facilitators. It was one of the first ART adherence interventions tested in the US [13] and was later adapted and tested in China [14] . It has also been adapted for use in both HPTN 052 [17] , a study showing that early ART for the HIV-infected partner was successful in reducing HIV transmissions in serodiscordant couples, and in the AIDS Clinical Trial Group (ACTG) 5175, a multisite ART treatment trial [18] . With respect to PrEP, the adherence intervention was based on Life-steps [14] in the adherence sub-study for the Partners in PrEP trial [11] . Therefore, we sought to adapt and use this intervention for high-risk MSM who are prescribed PrEP. As part of a sequential intervention development effort to optimally ''package'' PrEP prescription and counseling, we collected formative data from HIV-uninfected MSM at-risk for HIV acquisition across PrEP-experienced and PrEP-naïve individuals so to identify potentially useful adherence intervention content.
Methods

Procedures and Participants
To identify the optimal content for a PrEP adherence package for MSM, we conducted four focus groups between October, 2011, and March, 2012, at Fenway Health, which was one of three US sites for the CDC PrEP study [19] and one of the 11 sites of the iPrEx trial [6] . For the first two PrEP-experienced focus groups, we used a purposive sampling method to recruit participants from the PrEP treatment arm in the iPrEx or CDC PrEP studies. The other two focus groups included high-risk MSM, PrEPnaïve volunteers. We used a convenience sampling method to recruit broadly from the community through advertising venue outreach (bar, club, cruising areas) and community outreach and advertising (print, clinic flyers and electronic media). All volunteers underwent a self-report telephone screen to confirm they met participation. PrEP-experienced participants were recruited from subjects who had participated in a prior PrEP clinical trial at Fenway Health. Inclusion criteria for the PrEP naïve participants were: (1) male sex at birth, (2) 18 years or older, (3) HIV-uninfected via self-report, (4) having at least one episode of unprotected anal intercourse in the past 3 months with a non-monogamous partner or a monogamous partner who was HIV-infected, and (5) not ever having taken PrEP. The Institutional Review Board at Fenway Health reviewed and approved all study procedures.
Data Collection
Informed consent to participate was obtained at the beginning of each focus group via oral explanation of the research, after which participants were given a brief quantitative survey that gathered socio-demographic data which included: age, racial/ethnic identity, education, employment status, annual income, health insurance coverage, sexual identity (e.g., gay, bisexual, straight), current access to a primary care provider, substance use and sexual behavior (focusing on risk of sexual acquisition of HIV) in the prior 3 months. A focus group coordinator facilitated and audio-recorded all four focus groups; the study coordinator was present for all groups and annotated the session. An Infectious Disease physician also was present for all focus groups to address participant's medical questions pertaining to PrEP use. Participants were compensated $50 for their time.
In collaboration with study staff who worked with participants on the iPrEX study, the Fenway Health Community Advisory Board, deductive question development, and prior research related to medication adherence, we developed a semi-structured interview using probing questions around six major topics. Our open-ended questions assessed participants' adherence beliefs around the efficacy of PrEP, barriers and facilitators of adherence to a daily regimen of PrEP, and sexual decision-making in the context of PrEP use. The 90-min facilitated discussions of each focus group were recorded using a handheld digital audio recorder and later transcribed by a third-party contractor. All transcripts were checked for errors and corrected before using Atlas.ti (qualitative software program) to manage and code data.
Data Analysis
We approached the focus group data using a qualitative descriptive design [20, 21] , which provided a contextual framework to explore, analyze and describe findings. A descriptive account of emerging themes was achieved by merging in-depth content analysis [22] with within-case (analysis of each focus group) and across-case (comparing significant statements across focus groups) approaches to data review [23] . The focus group leader and the study coordinator developed a codebook, defined each code and reviewed each transcript line-by-line to identify significant statements. To increase reliability and rigor in our analysis, we used the procedures to insure data trustworthiness outlined by Lincoln and Guba [24] . By establishing credibility (prolonged engagement, persistent observation, peer debriefing), transferability (producing thick descriptions through purposive/convenience sampling), and dependability (auditing study procedures), we created a platform for confirmability, which provides reliable data for researchers to use across studies.
Results
Participants' socio-demographic data are described in Table 1 . The average ages of the PrEP-experienced and PrEP-naïve participants were 44.4 and 44.1 years, respectively. In the past 3 months, the PrEP experienced group reported more number of male sexual partners and more UAI with HIV-infected sexual partners.
Descriptive Themes Across All Participants
The semi-structured interview guide in Table 2 guided the discussion of significant statements across-groups that supported the six emerging themes presented in Table 3 , which included (1) motivations to use PrEP, (2) barriers Refused to answer 1 (5) 0 PrEP pre-exposure prophylaxis to PrEP use, (3) facilitators to PrEP use, (4) sexual decision-making in the context of PrEP, (5) prospective PrEP education content, and (6), effective characteristics for PrEP delivery personnel. These themes and selected significant supporting statements are discussed below.
Motivations to Use PrEP
Participants in the four focus groups reported being highly motivated to use PrEP to protect themselves from HIV acquisition (Quotes 1, 2). Participants generally expressed satisfaction knowing that they were part of a larger group of MSM volunteering to help avert new HIV infections in the community.
Barriers to PrEP Use
Participants discussed a number of barriers that might disrupt adherence to PrEP on a daily basis. For all four focus groups, mental health concerns (Quote 3) and substance use/abuse (Quotes 4, 5) predominated the discussion on potential and actual barriers. PrEP-experienced participants described symptoms of depression (e.g., anxiety, insomnia) and alcohol consumption that interfered with their adherence schedule. Other barriers included potential medication costs after study completion (Quote 6), perceived stigma associated with HIV medications use (Quote 7), and apprehension discussing risky sexual behaviors and PrEP use with health care providers (Quote 8).
Facilitators to PrEP Use
All four focus groups described strategies to help them adhere to PrEP on a regular basis. Because many participants noted they took medications on a regular basis for other medical concerns, they incorporated individualized approaches, such as daily rituals (Quote 9), anticipatory changes in schedules (Quote 10) or external reminders (Quote 13). In addition, participants suggested other innovative adherence activations that might require a third party, such as phone calls or text messages (Quotes 11 and 12).
Sexual Decision-Making
Participants generally described concerns that taking PrEP might affect sexual decision-making. The majority of participants suggested that using PrEP could free them from needing to use condoms and still feel protected from HIV (Quotes 14 and 15). Other participants described potential PrEP use in the context of partnerships, specifically feeling protected in seroconcordant relationships (Quote 16) and in non-monogamous, open relationships (Quote 17).
PrEP Education Information
When asked what topics would be most important for a PrEP adherence counseling package for at-risk MSM, participants in all four focus groups wanted to know how taking PrEP would affect their physical health and the broader MSM community (Quote 18). Participants suggested they needed information on short-term and longterm side effects of PrEP (Quote 19). Another major concern was how participants in current and prospective PrEP studies would access medication after their research participation ended (Quote 20).
PrEP Delivery Personnel
Participants recommended that personnel who deliver PrEP, whether in a research or medical context, must be well educated and trained about PrEP use (Quote 21) and must build rapport with the PrEP user (Quote 22). These qualities were essential to an effective adherence package in all focus groups.
Discussion
PrEP-experienced and PrEP-naïve MSM participated in a qualitative study that explored the optimal content for a PrEP adherence intervention. These participants reported high levels of willingness and motivation to use PrEP as an HIV biomedical prevention strategy. Consistent with our results, in a qualitative study of gay and bisexual men in serodiscordant relationships, men saw PrEP as a means to protect oneself from HIV, to reduce the concern and fear of HIV transmission, and to have unprotected sex with reduced chance of infection [25] . We also found that that some participants' motivation might be fueled by their desire to be a part of a larger community. Identifying how motivated participants are to take PrEP daily, how important PrEP is to keeping them safe, and how confident they are in their ability to take PrEP could be included in future PrEP adherence interventions. Participants noted potential barriers to PrEP adherence that are similar to barriers identified for antiretroviral treatment adherence among HIV-infected patients [26, 27] . These included mental health concerns, substance use and abuse, short and long-term side effects, and stigma and discrimination associated with disclosing PrEP use in the context of risky sexual behaviors. Similarly, studies of PrEPnaïve MSM have found that concerns about side effects, medication costs, access, and perceived stigma and discrimination from peers and health care workers may limit MSM interest in PrEP [25, 28] . At the same time, however, PrEP experienced participants shared how they incorporated PrEP use into their current patterns of taking medications (e.g., using a pill box) and indicated that they would welcome reminders via alarms or text messages on a daily basis. To address barriers and improve adherence to PrEP, participants endorsed the need for behavioral approaches that increase problem-solving skills [29, 30] to help to identify personal barriers and generate alternative solutions.
Because PrEP use is still a novel biomedical prevention technology, additional information is needed to understand risk compensation and sexual decision-making [31] .
Generally, both PrEP-naïve and PrEP experienced participants in the current study were concerned that PrEP would affect their sexual decision-making and possibly would lead to an increase in unprotected sexual intercourse. This concern has been raised in previous research studies of PrEP naïve participants [25, 28, 32] . Golub et al. [33] found that approximately 35 % of a sample of high-risk MSM (N = 180) reported that they would likely decrease condom use if they were taking PrEP. However, sexual risk behaviors actually decreased among MSM enrolled in PrEP clinical trials [10, 14, 34] . In a study of 400 HIV-negative MSM enrolled in a double-blind, placebo-controlled PrEP safety trial, Liu et al. [35] concluded that there was no evidence of sexual risk compensation among American MSM. Marcus et al. [36] found no evidence of risk compensation in the iPrEx study, but suggested that continued HIV prevention education may be needed for those who engage in sexual risk taking and who are optimistic about PrEP benefits. It is also important to note that in both studies, PrEP had not yet been shown to be effective in decreasing HIV incidence, and participants could not be sure whether they were receiving the placebo or active medication. Thus, the ultimate potential for risk compensation among MSM using PrEP is not fully understood; hence it might be best for clinicians to continue to promote traditional prevention messages (e.g., practice safer-sex and use condom) when providing PrEP to high-risk MSM. Combination prevention approaches that include both behavioral and biomedical interventions might be most effective if they address adherence and include prevention messages [37] .
Participants in both the PrEP experienced and naïve groups were concerned about the short-and long-term side effects of PrEP use and the consequences of long-term use in the MSM community. Ongoing trials will report on longterm toxicities as data arrive, but prior studies of tenofovircontaining regimens (primarily as part of a combination regimen for HIV-infected patients) may include renal effects, decreased bone mineral density, gastrointestinal effects, and exacerbation of hepatitis B in patients who do not consistently take the medication [38, 39] . However, in a review of five PrEP efficacy trials, the Forum for Collaborative HIV Research concluded that the side effects did not differ between the placebo and intervention groups [40] . Because PrEP interventions for high-risk MSM are relatively new, the implementation process will require provider training to learn how best to counsel potential users and to monitor for side effects, consumer education, and long term monitoring [41] .
In the current study, individuals were enrolled on a firstcome eligibility basis, which might account for some of the socio-demographic differences in the focus groups (i.e., the higher overall percentage of whites among the PrEPexperienced participants and lower level of income among the PrEP-naïve participants). A stratified sampling technique might yield groups that are more similar. Although these differences could have influenced the results of the study, there appear to be no emerging thematic differences in attitudes and beliefs about PrEP that would differentiate between PrEP-experienced and PrEP-naïve participants. Finally, there seemed to be no salient differences in PrEP use attitudes and beliefs associated with specific sociodemographic characteristics among participants.
As a qualitative study, the findings have some limitations. First, although the four focus groups of PrEP-experienced and PrEP-naïve participants provide relevant data to understand PrEP adherence, the sample was drawn from a northeastern city and included those who self-identified as gay and bisexual men and were engaged in care. Secondly, participants might have provided answers to questions based on peer expectations or dominant voices within the group. This process in focus groups lends itself to group conformance and conflict avoidance [42] . Therefore, these data might be subject to ''group think,'' and the emerging themes could be biased in that direction. Because PrEP adherence education is currently and primarily an individual-level process, it would have been helpful to have included individual-level data from individual interviews that could triangulate our findings. Lastly, the semi-structured interview guide was developed before focus group implementation and the emerging themes could describe deductive rather than inductive descriptive results. In a limited 90-min conversational setting, the study team addressed a core list of questions to identify in-depth targets for ARV behavioral intervention in a timely manner. An inductive, unstructured approach would require the interviewer to have less control and direction over the conversation and to limit probing questions for further exploration.
Despite these limitations, these emerging data provide insight for researchers and clinicians who are developing new PrEP studies and PrEP adherence protocols. The goal of the current study was to identify important content for a PrEP adherence package that can be delivered following a cognitive-behavioral approach. Life-steps [12, 13] has been used in medication adherence interventions for HIVinfected individuals and might serve as a platform for intervention development with HIV-uninfected PrEP users. In addition, use of Life-steps in the Partners PrEP study [11] showed promising increased PrEP adherence. Although it will need to be modified to meet the needs of high-risk HIV-uninfected MSM, some of the basic principles may still apply, including psycho-social education and motivation for taking PrEP, identifying facilitators and problem solving skills for storing and refilling medication, scheduling and keeping PrEP medical appointments, and managing barriers that might interfere with PrEP adherence goals. These steps are consistent with other structured yet tailored approaches to primary HIV prevention that consider individual barriers and facilitators and utilize motivational techniques to achieve the optimal preventative approach. This formative work provides a foundation for us to develop and openly pilot an intervention based on Lifesteps [11] to optimally ''package'' PrEP prescription and adherence counseling.
